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CHIP ANTENNA, CHIP ANTENNA UNIT AND WIRELESS 
COMMUNICATION DEVICE USING THE SAME 

Background of the Invention^ 
5 The present invention relates to a chip antenna for use, as an 

included antenna, and the like, in a portable telephone or a mobile terminal 
which is a wireless communication device, and a chip antenna unit in which the 
chip antenna is mounted in a mounting substrate. 

Conventionally, a compact chip antenna for diversity reception, which 
10 is capable of being used in a plurality of frequency bands, such as 800 MHz 
band and 1500 MHz band, has been used in a mobile terminal, such as a 
portable telephone, or the like. An example of such a compact chip antenna is 
exemplified in, for example, Japanese laid open Official Gazette No. Hei 
11-31913, namely, No. 1999/31913. In the 'Official Gazette, disclosed is a 
15 technique that the chip antenna has a conductor and a trap circuit inserted in 
an intermediate portion of the conductor and that two resonations, namely, a 
resonance by a whole of the chip antenna and another resonance by a portion of 
the conductor up to the trap circuit, are obtained* 

Further, in Japanese laid open Official Gazette No. 2002/111344, 
20 disclosed is a technique that two resonances are obtained, respectively by a 
chip antenna and by a pattern antenna composed in a substrate. 

As mentioned above, the two resonances can be obtained in the 
technique disclosed in the Official Gazette No. Hei 11-31913. However, not 
only a structure of the antenna becomes complicated but also antenna 
25 efficiency is deteriorated by resistance of the trap circuit. 

Moreover, the antenna is fabricated on the substrate by a conductive 
path pattern in the technique disclosed in the Official Gazette No. 2002/111344. 
As a result, an antenna portion thereof becomes very large in size, in spite of 
requirement of fabricating the antenna in a sm alle r size. 
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Besides, what is called, a wide-band chip antenna is obtain d, when 
the respective resonant frequency bands of the two resonances in the chip 
antenna are rendered to be close to each other. Even if such a wide-band chip 
antenna is fabricated by the techniques disclosed in the above-mentioned 
5 Official Gazettes, problems similar to the above are inevitably caused to occur. 

Under these circumstances, it is strongly desired to develop a chip 
antenna capable of obtaining resonances in a plurality of frequency bands or a 
broad frequency band in spite of a plain structure of the chip antenna. 

In the interim, when a plurality of pattern antennas are located to be 
10 stacked on each other by making an antenna element have a stacked structure, 
a chip antenna having a plurality of resonances can be fabricated small in size 
with a plain structure thereof. 

However, when frequency characteristics of one antenna are adjusted 
by altering a shape of the pattern antenna, ^frequency characteristics of the 
15 other antenna are also varied responsively. It therefore becomes difficult that 
the chip antenna is rendered to have an optimized resonant frequency 

On the other hand, when a chip antenna is mounted on a mounting 
substrate, it is sometimes caused to occur that frequency characteristics of the 
chip antenna are fairly varied under the influence of a path pattern, or the like. 
20 I n this case, since the frequency characteristics cannot be adjusted 

finely in the conventional chip antenna, the chip antenna itself must be 
replaced with another one. Accordingly, it is necessary to prepare many kinds 
of antennas having frequency characteristics fairly different from each other, 
respectively This makes productivity of the chip antenna units remarkably 
25 deteriorated. 

Accordingly, it is an object of the present invention to provide a chip 
antenna capable of obtaining resonances in a plurality of frequency bands or a 
broad frequency band in spite of a plain structure of the chip antenna. 

It is another object of the present invention to provide a chip antenna 
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capable of rendering a predetermined pattern antenna to have an optimized 
resonant frequency without influencing frequency characteristics of the other 
pattern antenna. 

It is yet another object of the present invention to provide a chip 
5 antenna capable of readily adjusting frequency characteristics thereof 

Summary of the Invention 1 
According to an aspect of the present invention, there is provided a 
chip antenna comprising: a base member which is composed of dielectric or 
magnetic material and which has a stacked structure including a plurality of 

10 layers; a plurality of pattern antennas which are formed on a plurality of layers 
and which have predetermined patterns, respectively, and of which at least 
parts of the predetermined patterns are not overlapping with each other in the 
stacked direction of a plurality of layers; and a feeding terminal which is 
formed on a surface of the base member and which is connected to a plurality of 

15 pattern antennas. 

Thus, the patterns are not overlapping with each other in the stacked 
direction. It thereby becomes possible that a predetermined pattern antenna 
can be determined to have, an optimized resonant frequency without 
influencing frequency characteristics of another pattern antenna* 

20 According to another aspect of the present invention, there is 

provided a chip antenna unit having predetermined frequency characteristics, 
comprising: a mounting substrate; a base member which is mounted on the 
mounting substrate and which is composed of dielectric or magnetic material; a 
pattern antenna which is formed on the base member; a feeding terminal which 

25 is formed on a surface of the base member and which is connected to the 
pattern antenna; a fixed terminal which is formed on a surface of the base 
member and which ie connected to the pattern antenna; a fixing portion which 
is composed of a conductor and which is formed on the mounting substrate and 
which is connected to the fixed terminal and thereby fixes the base member on 
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the mounting substrate; and the predetermined frequency characteristics be ing 
adjusted by changing an area of the fixing portion. 

Accordingly, a resonant frequency of the chip antenna can be finely 
tuned by adjusting the area of the fixing portion. It therefore becomes possible 
5 that the frequency characteristics of the chip antenna are readily adjusted. 

According to yet another aspect of the present invention, there is 
provided a chip antenna comprising- a base member which is composed of 
dielectric or magnetic material; a pattern antenna which is formed on the base 
member and which includes a first area having a rectangular shape and a 
10 second area elongating continuously from the first area; and a feeding terminal 
which is formed on a surface of the base member and which is connected to the 
pattern antenna. 

Accordingly, upon adjusting a length of an arm in the direction that 
the second area elongates in the first area arid a length of the second area, it 
15 becomes possible to obtain resonances in a plurality of frequency bands or a 
broad frequency band in spite of a plain structure of the chip antenna. 

Brief Description of the Drawings: 
Fig. 1 is a perspective, view for schematically showing a chip antenna 
unit according to a first embodiment of the present invention; 
20 Fig- 2 is an exploded perspective view for schematically showing a 

chip antenna in the chip antenna unit illustrated in Fig. 1; 

Fig. 3 is a sectional view for schematically showing a chip antenna in 
the chip antenna unit illustrated in Fig. U 

Fig. 4 is a graph for showing frequency characteristics of VSWR 
25 (Voltage / Standing Wave Ratio), dependent on broadness of the area of the 
fixing portion in the chip antenna unit illustrated in Fig. l; 

Fig. 5 is an exploded perspective view for schematically showing a 
chip antenna in the chip antenna unit according to a second embodim nt of the 
present invention; 
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Fig. 6 is a plan view for schematically showing a pattern antenna of 
the first pattern formed in the chip antenna illustrated in Fig- 5; 

Fig. 7 is a plan view for schematically showing a pattern antenna of 
the second pattern formed in the chip antenna illustrated in Fig. 5; 
5 Fig. 8 is a sectional view for schematically showing a chip antenna 

illustrated in Fig. 5; 

Fig. 9 is a graph for showing frequency characteristics of VSWR 
between 1 GHz and 11 GHz in the chip antenna unit according to the second 
embodiment of the present invention; 
1° Fig- 10 is a conceptual view for explaining a pattern antenna of the 

second pattern in the chip antenna illustrated in Fig- 5; and 

Fig. 11 is a graph for showing frequency characteristics of VSWR in 
the pattern antenna of the second pattern in the chip antenna illustrated in Fig. 
5, when length of predetermined portions illustrated in Fig. 10 are varied. 
15 Detailed Description of the Preferred Embodiments- 

Now> referring to the drawings, embodiments of the present invention 
will be described more concretely. Herein, the same members are designated 
by the same reference numerals in the attached drawings. Further, 
overlapped description will be omitted. Besides, the embodiments of the 
20 invention are particularly useful embodiments for carrying out the present 
invention. The present invention is therefore not restricted to the 
embodiments. 

At first, referring to Figs. 1 through 4, description is made about a 
first embodiment of the present invention. 
26 ^S- 1 is a perspective view for schematically showing a chip antenna 

unit according to the first embodiment of the present invention. Fig. 2 is an 
exploded p rspective view for schematically showing a chip antenna in the chip 
antenna unit illustrated in Fig. 1. Fig. 3 is a sectional view for schematically 
showing the chip antenna illustrated in Fig, 2. Fig. 4 is a graph for showing 
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frequency characteristics of VSWR, depend at on broadness of an area of a 
fixing portion in the chip antenna unit illustrated in Fig. 1. 

As illustrated in Figs, 1 through 3, a chip antenna 10 according to 
this embodiment has a rectangular base member 11 which is composed of a 
5 stacked structure formed by a ceramic dielectric material for high frequency of 
which, for example, specific inductive capacity er is approximately equal to 10. 
Alternatively, the base member 11 may be composed of a magnetic material. 

Pattern antennas are formed on a plurality of layers of the base 
member 11. As illustrated in Fig. 2, a pattern antenna Al having a first 

10 pattern of a meander shape is formed on a first pattern layer 10a while a 
pattern antenna A2 having a second pattern of another meander shape 
different from that of the first pattern is formed on a second pattern layer 10b. 
Besides, the first and the second pattern antennas Al, A2 are formed to have 
the first and the second patterns of meander shapes, respectively, in this 

15 embodiment. However, the first and the second pattern antennas Al, A2 may 
be formed to have various patterns of, for example, a circular shape, a 
rectangular shape, a three-dimensional helical shape over a plurality of layers, 
and the like. Further, even when the first and the second pattern antennas Al, 
A2 are formed to have the first and the second patterns of meander shapes, as 

20 mentioned above, the first and the second pattern antennas Al, A2 may be 
formed to have patterns composed of a plurality of layers for obtaining 
reactance capacity. 

As illustrated in Fig. 1, a feeding terminal 12 is formed from a bottom 
surface of the base member 11 to an upper surface thereof through one side 

25 surface thereof Further, fixed terminals 16a, 16b are formed on two side 
surfaces opposite to each other and adjacent surfaces around the two side 
surfaces. Thus, the feeding terminal 12, the fixed ter minal 16a and the fixed 
terminal 16b are formed on the surfaces f the base member 11, resp ctively 
As depicted in detail in Fig. 2, the feeding terminal 12 is connected to one end of 
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each of the first and the second pattern antennas Al, A2, the fixed terminal 16a 
is connected to another end of the first pattern antenna Al, and the fixed 
terminal 16b is connected to another end of the second pattern antenna A2, 
respectively. 

5 As illustrated in Fig- 1, the chip antenna 10 is mounted on a 

mounting substrate 13. Accordingly, a chip antenna unit according to this 
embodiment of the present invention is constituted by the chip antenna 10 and 
the mounting substrate 13. A ground electrode 14 is formed on the mounting 
substrate 13. Further, a feeding path 15 which supplies signals from a signal 

10 source (not shown) to the feeding terminal 12 by keeping matching with an 
impedance of the circuit, for example, 50 Q is also formed on the mounting 
substrate 13. Moreover, fixing portions 17a, 17b which are composed of 
conductors and connected to the fixed terminals 16a, 16b and which thereby fix 
the base member 11 on the mounting substrate 13 are also formed on the 

15 mounting substrate 13. 

Besides, the fixed terminals 16a, 16b and the fixing portions 17a, 17b 
are formed at two positions, respectively, in this embodiment. However, the 
fixed terminals 16a, 16b and the fixing portions 17a, 17b may be formed at only 
one position, respectively. 

20 In the interim, the first and the second pattern antennas Al, A2, the 

feeding terminal 12, the ground electrode 14, the feeding path 15, the fixed 
terminals 16a, 16b, and the fixing portions 17a, 17b are formed by patterning 
metal conductor layers of copper, silver, and the like. Concretely, those are 
formed, for example, by a method that a metal paste of silver, and the like is 

25 subjected to a pattern printing and is thereby burned on, a method that a metal 
pattern layer is formed by plating, and a method that a thin metal film is 
subjected to the patterning by etching. 

Herein, as illustrated in Fig. 2, the first pattern ant nna Al having 
the first pattern and th second pattern antenna A2 having the second pattern 
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are not overlapping with each other in the stacked direction of a plurality of 
layers, namely the first pattern layer 10a, the second pattern layer 10b, and so 
on. 

With the structure being illustrated, in the chip antenna 10 of this 
5 embodiment, a first resonant frequency can be obtained by the first pattern 
antenna Al. On the other hand, a second resonant frequency which is 
different from the first resonant frequency can be obtained by the second 
pattern antenna A2. Consequently, the first pattern antenna Al and the 
second pattern antenna A2 can be prevented from being overlapping with each 
10 other in the stacked direction. 

Thus, even though frequency characteristics of one pattern antenna 
(for example, the first pattern antenna Al) are adjusted by changing a shape 
thereof little influence is given to frequency characteristics of another pattern 
antenna (for example, the second pattern ^antenna A2). As a result, a 
15 predetermined pattern antenna (for example, the first pattern antenna Al) can 
be adjusted to have an optimized resonant frequency without influencing the 
frequency characteristics of another pattern antenna (for example, the second 
pattern antenna A2). 

Accordingly, since resonant frequencies of respective pattern 
20 antennas are independent from each other, an antenna can be more readily 
designed. 

Herein, in a part and around the part of the first and the second 
pattern antennas Al and A2 by which the feeding terminal 12 is coupled 
thereto, the first and the second pattern antennas Al and A2 inevitably come to 
25 be overlapping with the structures thereof. Under the circumstances, 
although the words "not overlapping 75 are used in the specification and the 
claims of this application, it is enough that the other portions except for these 
parts are not overlapping with each other. 

Besides, parts f the patterns may be overlapping with each other. 
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However, the larger a p rtion of overlapping in the stack d directi n becomes, 
the larger a change of frequency characteristics of the another pattern antenna 
becomes at the time of adjusting the resonant frequency of one pattern antenna. 
It is therefore desirable that the other portions except for the above-mentioned 
5 inevitable parts are not overlapping with each other. 

Further, although only the first and the second pattern antennas Al 
and A2 which are not overlapping with each other are exemplified in this 
embodiment, the other pattern antennas can be formed in addition thereto. In 
this case, all the pattern antennas may be not overlapping with each other. 

10 Alternatively, a part of the all pattern antennas may be overlapping with each 
other. In other words, it is enough that at least a part of the all pattern 
antennas are not overlapping with each other in the stacked direction. 

Further, it is enough that at least two pattern antennas, namely, a 
plurality of pattern antennas are formed in th£ present invention. 

15 lu the interim, when the chip antenna 10 is mounted on the mounting 

substrate 13, frequency characteristics of the chip antenna 10 are sometimes 
fairly varied under the influence of a pattern of the feeding path 15 or the other 
electronic components. 

In such a case, it is possible that the frequency characteristics of the 

20 chip antenna 10 are adjusted by changing areas of the fixing portions 17a, 17b, 
namely, by enlarging the fixing portions 17a, 17b or deleting a part thereof at 
the time of mounting the chip antenna 10. 

Subsequently, as illustrated in Fig, 4, the resonant frequency of the 
chip antenna 10 moves to the lower frequency side, when the areas of the fixing 

25 portions 17a, 17b are enlarged. On the contrary, the resonant frequency of the 
chip antenna 10 moves to the higher frequency side, when the areas of the 
fixing portions 17a, 17b are narrowed. Accordingly, in a case that the resonant 
frequency of the chip antenna 10 is lower than an expected value n a condition 
that the chip antenna 10 is mounted on the mounting substrate 13, the 
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resonant frequency thereof can be moved to the higher frequency side by 
deleting the fixing portions 17a, 17b. On the contrary, in a case that the 
resonant frequency of the chip antenna 10 is higher than the expected value on 
the mounted condition, the resonant frequency thereof can be moved to the 
5 lower frequency side by enlarging the areas of the fixing portions 17a, 17b. 

Thus, the resonant frequency of the chip antenna 10 can be finely 
tuned by adjusting the areas of the fixing portions 17a, 17b. It therefore 
becomes possible that the frequency characteristics of the chip antenna 10 are 
readily adjusted. As a result, it is not necessary to replace the antenna itself, 

10 even though 4 the frequency characteristics of the chip antenna 10 are varied by 
being mounted on the mounting substrate 13. 

Further, 6ince the antenna itself thus does not need to be replaced, it 
is enough to prepare merely one kind of antenna having predetermined 
frequency characteristics as the chip antenna 10. Accordingly, it is not 

15 necessary to prepare many kinds of antennas having frequency characteristics 
foirly different from each other, respectively. Productivity of the chip antenna 
units is thereby improved. 

In this embodiment, two structures are employed. Namely, not only 
a structure that the patterns of a plurality of pattern antennas are prevented 

20 from being overlapping each other in the stacked direction but also a structure 
that the resonant frequency of the chip antenna is finely tuned by adjusting the 
areas of the fisting portions 17a, 17b are employed in this embodiment. 
However, any one of the two structures can be employed independently. 

Further, when the structure that the areas of the fixing portions 17a, 

25 17b are adjusted is employed, the pattern antenna may be formed on any 
surface of the base member or inside the base member. Alternatively, the 
pattern antenna may be formed both on any surface of the base member and 
inside the base member. Accordingly, only one pattern antenna r a plurality 
of pattern antennas may b used in the structure. It is therefore not required 
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that the base member has a stacked structure. 

As will be clearly understood from the above description, the patterns 
are not overlapping with each other in the stacked direction, a predetermined 
pattern antenna can thereby be adjusted to have an optimized resonant 
5 frequency without influencing the frequency characteristics of the other 
pattern antennas. 

In addition, the resonant frequency of the chip antenna can be finely 
tuned by adjusting the areas of the fixing portions. It therefore becomes 
possible that the frequency characteristics of the chip antenna are readily 
10 adjusted. 

Next, referring to Pigs. 5 through 11, description will proceed to a 

second embodiment of the present invention. 

Pig. 5 is an exploded perspective view for showing a chip antenna in a 

chip antenna unit according to the second embodiment of the present invention. 

i 

15 Fig, 6 is a plan view for showing a pattern antenna of a first pattern formed in 
the chip antenna illustrated in Fig. 5. Fig. 7 is a plan view for showing a 
pattern antenna of a second pattern formed in the chip antenna illustrated in 
Fig. 5. Fig. 8 is a sectional view for showing the chip antenna illustrated in 
Fig. 5. Fig. 9 is a graph for showing frequency characteristics of VSWR 

20 between 1 GHz and 11 GHz in the chip antenna unit according to the second 
embodiment of the present invention. Fig. 10 is a conceptual view for 
explaining the pattern antenna of the second pattern in the chip antenna 
illustrated in Fig. 5. Fig. 11 is a graph for showing frequency characteristics of 
VSWR in the pattern antenna of the second pattern in the chip antenna 

25 illustrated in Fig. 5, when length of predetermined portions illustrated in Pig. 
10 are varied. 

Besides, a whole structure of the chip antenna unit according to this 
embodiment is similar to that of the first embodiment illustrated in Fig. 1. 
Drawings for the whole structure of the chip antenna unit according to this 
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embodiment are omitt d accordingly. 

Similarly to the first embodiment, pattern antennas are formed on a 
plurality of layers of the base member 11. As illustrated in Fig. 5, a pattern 
antenna Al (See also Pig. 6) having a first pattern of a meander shape is 
5 formed on a first pattern layer 10a while a pattern antenna A2' (See also Fig. 7) 
having a second pattern of a plane shape different from the meander shape of 
the first pattern is formed on a second pattern layer 10b. Besides, the pattern 
antenna Al is formed to have the first pattern of meander shape in this 
embodiment. However, the pattern antenna Al may be formed to have 

10 various patterns of, for example, a circular shape, a rectangular shape, a 
three-dimensional helical shape over a plurality of layers, and the like. 

As illustrated in Fig. 1, a feeding terminal 12 is formed from a bottom 
surface of the base member 11 to an upper surface thereof through one side 
surface thereof. Further, fixed terminals 16a, 16b are formed on two side 

15 surfaces opposite to each other and adjacent surfaces around the two side 
surfaces. Thus, the feeding terminal 12, the fixed terminal 16a and the fixed 
terminal 16b are formed on the surfaces of the base member 11, respectively. 
As depicted in detail in Fig. 5, the feeding terminal 12 is connected to one end of 
each of the two pattern antennas Al, A2\ the fixed terminal 16a is connected to 

20 another end of the pattern antenna Al, and the fixed terminal 16b is connected 
to another end of the pattern antenna A2\ respectively. 

Further, also in this embodiment, as illustrated in Fig. 1, the chip 
antenna 10 is mounted on the mounting substrate 13. Accordingly, it is 
similar to the first embodiment that a chip antenna unit is constituted by the 

25 chip antenna 10 and the mounting substrate 13. A ground electrode 14 is 
formed on the mounting substrate 13. Further, a feeding path 15 which 
supplies signals from a signal source (not shown) to the feeding terminal 12 by 
keeping matching with an impedance of the circuit, for example, 50 Q. is also 
formed on the mounting substrate 13. M reover, fixing portions 17a, 17b 
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which are composed of conductors and c nnect d to the fixed terminals 16a, 16b 

and which thereby fix the base member 11 on the mounting substrate 13 are 

also formed on the mounting substrate 13. 
I Besides, also in this embodiment, the pattern antennas Al, A2\ the 

! 5 feeding terminal 12, the ground electrode 14, the feeding path 15, the fixed 

terminals 16a, 16b, and the fixing portions 17a, 17b are formed by patterning 
; metal conductor layers of copper, silver, and the like. Concrete methods for 

forming the patterning are similar to those of the first embodiment mentioned 

before. 

10 In^the interim, also in this embodiment, as illustrated in Fig. 5, most 

portions of the pattern antenna Al having the first pattern and most portions 
of the pattern antenna A2' having the second pattern are not overlapping with 
each other in the stacked direction of a plurality of layers, namely the first 
pattern layer 10a, the second pattern layer 10b, and so on. With the structure 

15 being illustrated, in the chip antenna 10 of this embodiment, a first resonance 
Fl (See Fig- 9 described later) can be obtained by the pattern antenna Al. On 
the other hand, a second resonance F2 (See Fig. 9 described later) can be 
obtained by the pattern antenna A2\ 

Hereunder, referring to Figs. 10 and 11, description will be made 

20 more in detail as regards the second pattern for forming the pattern antenna 
A2\ 

As illustrated in Fig. 10, the pattern antenna A2' includes a first area 
Si having a rectangular shape and a second area S2 elongating continuously 
from the first area SI. Further, a slit T is formed between the first area Si 
25 and the second area S2. Besides, the slit T does not always need to be formed 
therebetween. 

Herein, it is n t necessary that the rectangular shape defining the 
first area SI is strictly rectangular. For example, a corner r corners of the 
rectangular shape may be round, respectively. The pattern antenna A2' may 
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include a portion (for example, a portion depicted by netting points in Fig, 10) 
or portions other than the first area SI and the second area S2. Besides, in 
the example illustrated in Fig. 10, the second area S2 is elongating 
continuously from the first area SI through the portion depicted by the netting 
5 points. 

Herein, in Fig. 10, when a length of an arm in the direction that the 
second area S2 elongates in the first area SI is defined as Ll and a length of the 
second area S2 is defined as L2, different resonant waveforms can be obtained 
in response to a relation or a ratio of Ll and L2. Besides, the resonant 

10 waveforms become different also in response to the other elements, such as an 
area or a width of each area Si, S2, a position of a feeding point, or the like. 
However, desirable resonant waveforms are obtained in this embodiment by 
adjusting the above mentioned relation or the ratio of Ll and L2. 

Namely, as illustrated in Fig. 11(a),' when Ll is larger than L2, the 

15 resonant frequency in the first area SI becomes lower than the resonant 
frequency in the second area S2. On the other hand, as illustrated in Fig- 
11(b), when L2 is larger than Ll, the resonant frequency in the second area S2 
becomes lower than the resonant frequency in the first area Si. 

As a result, two resonances can be obtained by thus determining the 

20 relation or the ratio of Ll and L2. By the use of such a pattern antenna A2' in 
a chip antenna, a multi-band wireless communication device capable of being 
used in a plurality of frequency bands can be obtained only by one pattern 
antenna (namely, only by the pattern antenna A2' without using the pattern 
antenna Al). 

25 Further, as illustrated in Fig. 11(c), when Ll and L2 are close to each 

other to have only a little bit difference, resonant points of the two resonances 
become close to each other. As a result, resonance can be obtained at a broad 
frequency band. Accordingly, when such a pattern antenna A2' is used in a 
chip antenna, an wide-band wireless communication device capable of being 
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used at a broad frequency band cam be obtained. Besides, a waveform of the 
second resonance F2 depicted in Fig, 9 is obtained, when LI and L2 thus 
become close to each other- As will be understood from Fig. 9, a band of which 
VSWR is not larger than 2 in the waveform of the second resonance F2 becomes 
5 broader, namely, wide-band, compared with a band of which VSWR is not larger 
than 2 in the waveform of the first resonance Fl. 

As described above, the pattern antenna A2' includes the first area Si 
having the rectangular shape and the second area S2 elongating continuously 
from the first area Si in this embodiment. As a result, by adjusting the length 

10 Ll of the arm in the direction that the second area S2 elongates in the first area 
SI and the length L2 of the second area S2, it becomes possible to obtain 
resonances in a plurality of frequency bands or a broad frequency band in spite 
of a plain structure of the chip antenna in this embodiment. 

In the above description, two pattern antennas, namely, the pattern 

15 antennas Al and A2' are formed in the chip antenna 10. However, in a case 
that a frequency band obtained by the pattern antenna Al is not required, the 
pattern antenna Al may be deleted from the chip antenna 10. In this case, the 
pattern antenna A2' can be formed inside or on any surface of the base member 
11. Further, the other pattern antenna having a shape different from the 

20 shape of the pattern antenna A2' can be formed in the chip antenna 10 in 
addition to the pattern antenna A2'. In this case, the other pattern antenna 
may have various shapes of patterns. Moreover, although only two pattern 
antennas are formed in this embodiment, three or more pattern antennas can 
also be formed in the chip antenna of the present invention. 

25 As will be clearly understood from the above description, according to 

this embodiment of the present invention, it becomes possible to obtain 
resonances in a plurality f frequency bands or a broad frequency band in spite 
of a plain structure of the chip antenna by adjusting the length of the arm in 
the direction that the s cond area elongates in the first area and the length f 
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the second area. 

In addition, also in this embodiment, as illustrated in Fig. 5, most 
portions of the pattern antenna Al having the first pattern and most portions 
of the pattern antenna A2' having the second pattern are not overlapping with 
5 each other in the stacked direction. Thus, the structure that the patterns of a 
plurality of pattern antennas are prevented from being overlapping each other 
in the stacked direction is employed also in this embodiment. As a result, a 
meritorious effect similar to that of the first embodiment can also be obtained 
in this embodiment. Namely a predetermined pattern antenna can thereby be 

10 adjusted to^have an optimized resonant frequency without influencing the 
frequency characteristics of the other pattern antennas- 
Further, the resonant frequency of the chip antenna can, of course, be 
finely tuned by adjusting the areas of the fixing portions, similarly to the first 
embodiment, s 

!5 While this invention has thus far been described in specific conjunction 

with the first and the second embodiments thereof, it will now be readily 
possible for one skilled in the art to put this invention into efiect in various 
other manners* For example, jsl chip antenna and a chip antenna unit of the 
present invention can be used in various wireless communication devices, such 

20 as, a portable telephone, a mobile terminal, an included antenna of a wireless 
LAN card, and the like. 



